Adverse health effects differ with various levels of obesity, but limited national data existed previously for the Canadian population. We examined the associations of sociodemographic and behavioral factors with obesity levels in Canada, and measured the impact of each level on major chronic diseases. Data were extracted from the 2003 Canadian Community Health Survey. We grouped overweight/obese participants aged 18 years and over into four levels based on body mass index (BMI, kg/m 2 ): overweight (25.0-29.9), class I obesity (30.0-34.9), class II obesity (35-39.9), and class III obesity (extreme/clinical obesity, BMI ≥ 40.0). We used logistic regression models to identify potential risk factors for the obesity levels and to estimate adjusted odds ratios (ORs) for major chronic diseases related to each level. We calculated population attributable risks (PARs) to help understand the impact of obesity levels on these chronic diseases.
INTRODUCTION
Obesity has been increasing in Canada for several decades [1, 2, 3] . From 1970 From -2004 , obesity prevalence rose 8-23% in men and 13-22% in women, and the increase occurred in all age groups [4, 5] . Most epidemiological studies of obesity show that morbidity and mortality increase among populations with body mass index (BMI) above 30 kg/m 2 [6, 7] . The population attributable fraction for all-cause mortality and selected major chronic diseases associated with obesity increased from 1970 to 2004 by 60% for men and by 37% for women [5] . Overall, the estimated economic burden of obesity in Canada in 2001 was $4.3 billion, and the health care costs of obesity represented 2.2% of total health care expenditures [8] .
Health risks for individuals rise progressively with increasing degree of obesity. Obesity has been categorized as class I (BMI = 30.0-34.9), class II (BMI = 35.0-39.9), or class III (BMI ≥ 40) according to differences in treatment and health risks [7, 9] . Persons with class III obesity (considered as clinical obesity) have been shown to have substantial increases in risk of morbidity and mortality [7, 10] . The odds of incurring any health care expenditure are much greater among adults with class III obesity [11] .
Generally speaking, obesity is a major determinant for many chronic diseases, such as hypertension, diabetes mellitus, cardiovascular disease, stroke, and gallstones [12] . In Canada, however, limited national data existed on the association of different categories of overweight and obesity, especially of clinical obesity, with the major chronic diseases. The objectives of this study were to describe the prevalence of obesity by levels in persons aged 18 years and over in Canada, to examine the association of sociodemographic and health behavior factors with different obesity levels, and to measure the impact of obesity levels on the prevalence of major chronic diseases. The estimates produced may provide baseline figures for developing and managing a nationwide obesity action plan.
METHODS

Data Source
We used data from the Canadian Community Health Survey (CCHS, Cycle 2.1), collected between January and December 2003 for 126 health regions, from all provinces and territories. The CCHS 2.1 sampling frame covered approximately 98% of the Canadian population aged 12 and over, with 127,610 participants. We restricted our study to participants aged 18 years and over [13] .
Variables
We calculated BMI by dividing the weight in kilograms by the square of the height in meters (kg/m 2 ). We grouped participants into BMI levels according to the classification system identified by the International Obesity Task Force: underweight, BMI < 18.5; normal weight, BMI = 18.5-24.9; overweight, BMI = 25.0-29.9; class I obesity, BMI = 30.0-34.9; class II obesity, BMI = 35.0-39.9; and class III obesity (clinical obesity), BMI ≥ 40.0 [12] . BMI was not calculated for pregnant women. Additionally, we excluded 381 men and 3519 women who were not asked to provide information on body weight and height.
Based on previous research findings, we included the following covariates in the association analysis: age, race, language spoken most often at home, marital status, urban/rural location, education level, physical activity, income, type of smoker, and frequency of drinking alcohol. There were four age categories: 18-34, 35-49, 50-64, and 65 years and over. Exercise was defined as physical activity lasting more than 15 min. We considered regular exercise to be physical activity performed monthly at least 12 times; occasional exercise, 4-11 times; and infrequent exercise, 0-3 times. Participants were classified into low-, middle-, and high-income groups based on total annual household income adjusted for number of household members [14] . Other variables included smoking (current, exsmoker, nonsmoker), race (white, Aboriginal, others), language spoken most often at home (English, French, others), marital status (married/common-law, single, others), location (urban, rural), education level (less than university, university degree or more), and alcohol drinking (yes, no).
We included five chronic diseases (hypertension, diabetes mellitus, heart disease, arthritis, and asthma) in the analysis. Disease data were based on self-reported positive responses to the question "Do you have hypertension, diabetes mellitus, heart disease, arthritis, or asthma diagnosed by a health professional?" [15, 16] 
Analysis
All analyses were performed separately for men and women. We calculated the prevalence of health outcomes, disease determinants, and risk factors. Odds Ratios (ORs) were calculated for each obesity level vs. the normal BMI level (18.5-24.9 ). All estimates were weighted to the general Canadian population. We estimated 95% confidence intervals (CIs) by using a bootstrap approach to account for the complex survey design.
We generated multivariate logistic regression models to assess the associations between obesity levels and potential independent sociodemographic and health behavior predictors. We also conducted multivariate logistic regression analyses to estimate the adjusted ORs for hypertension, diabetes mellitus, heart disease, arthritis, and asthma among participants in the various BMI levels, controlling for covariates. In addition, we calculated ORs by BMI level for respondents with low education level, infrequent exercise, and low household income, relative to those with high education level, frequent exercise, and medium or high household income, after adjusting for age, race, language spoken, location, marital status, smoking status, and alcohol drinking.
We calculated the population attributable risks (PARs) and attributable numbers from adjusted ORs, using the following equations:
where p is the probability of a patient being obese in a given patient population and OR is the odds ratio for the specific chronic disease of an obese subject.
Attributable number = PAR* N where N is the number of obese persons in the general population.
All statistical analyses were performed using the SAS software system for Windows, version 8.
RESULTS
This analysis included 110,224 participants aged 18 years or over living in Canada in 2003. Of the 51,153 men, 16.2% were classified as obese (1.0% in class III), as were 14.6% of the 59,071 women (1.4% in class III). Overweight was more common than obesity in both men and women across all variables ( Table  1 ). The prevalence of overweight and obesity I was higher in men than in women, whereas the prevalence of obesity II and III was lower in men. The prevalence of obesity in Aboriginal participants was significantly higher than in other racial groups for men at obesity level I-II and for women at obesity level I-III. As depicted in Table 2 , the prevalence of diabetes, hypertension, heart disease, arthritis, and asthma was higher in obese men and women. Table 3 shows the adjusted ORs for sociodemographic and health behavior risk factors in different BMI levels by sex. Based on the statistically significant ORs, age, education level, and physical activity were major risk factors across BMI levels in both sexes. Among men, marital status, residential location, race, and language spoken were positively or negatively associated with overweight, obesity I, and obesity II, but not with obesity III. Alcohol drinking and exsmoking in men were associated with overweight and obesity I, but not with obesity II or III. Among women, marital status and alcohol drinking were not associated with obesity I or II, but with obesity III. The residential location of women was associated with overweight and obesity I, but not with obesity II or III. Table 4 presents the adjusted ORs that we modeled for each obesity level and PARs for major chronic diseases in the different BMI categories. The trends of association were consistent across the five diseases. The adjusted odds of having one of these chronic diseases increased with increasing BMI levels, similar to the pattern observed in the PARs.
Respondents with a particular cluster of risk factors -low education level, infrequent exercise, and low household income -were compared with those with the opposite cluster (high education level, frequent exercise, and "non-low" household income) ( Table 5 ). For each level of overweight/obesity, the adjusted ORs in women were higher than those in men. The ORs rose with BMI levels until the obesity II level and then remained constant at the obesity III level. This trend was more significant in women than in men. 
INTERPRETATION
Using a cross-sectional study design to focus on prevalence, we provided current estimates of the burden of obesity by levels and of the contribution of comorbidity in the Canadian population. The overall prevalence of obesity in Canada has increased at least from 1970 onwards [5] and it is consistent with the notion of a worldwide obesity epidemic [14] . Although obesity has increased greatly in Canada, we observed that its prevalence ranks in the middle of the pack internationally and is only approximately half the rate in the U.S. [17, 18, 19] . We also found elevated obesity with increased age, but it was less common in persons aged 65 or over among both sexes. The finding possibly was due to progressive decline in BMI with aging or to excess mortality associated with increasing BMI in the presence of increasing age [20] . We found that, overall, 1.0% of men and 1.4% of women were in the obesity III category, consistent with another Canadian study [21] . Comparing our results with data from other countries, we saw that the prevalence of obesity III in men in Canada was higher than in Britain (0.8%), but lower than in the U.S. (1.5%), yet the prevalence in women was much lower than in Britain (2.6%) and the U.S. (2.8%) [17, 19] . This means that, although the actual prevalence of obesity III in Canada was higher in women than in men, the relative prevalence in Canada was higher in men. Furthermore, our study indicated that the highest prevalence of obesity among different races in Canada was in the Aboriginal population. In this study, we identified BMI levels according to the WHO's guideline. The cut-offs for overweight and obesity levels do not perfectly fit each race. In New Zealand analyses [22, 23] , they have pointed out that use of the universal BMI cut-offs definition for overweight and obese might not be appropriate for comparison of obesity prevalence among different ethnic groups since it did not take into account body composition differences.
Our results confirm other research showing that obesity has been significantly associated with diabetes, high blood pressure, arthritis, asthma, and heart disease [7, 16] . Compared with adults with normal BMI, men and women in the clinically obese category (BMI ≥ 40) had respective ORs for diagnosed heart disease of 2.2 and 1.7, and respective PARs of 11.8 and 5.2%, which are much smaller values than those observed for diagnosed diabetes or high blood pressure. Two reasons may account for this difference: (1) inappropriate controlling for blood pressure, diabetes, and other risk factors, or for the confounding effect of cigarette smoking on weight [7] ; and (2) the absence of an accurate definition of heart disease. Further studies are needed to explore this area.
Most of the risk factors we identified for overweight and obesity were similar to variables noted in other studies, such as increasing age, low education, physical inactivity, race, language spoken most often at home, income, and smoking status [24, 25] . Overall, there were fewer ORs with statistical significance in the obesity II or III category than in the overweight or obesity I category, especially among men. The reason may be related to genetic factors that could probably explain approximately 30% of the observed obesity [26, 27, 28] .
Because risk factors often cluster, an estimate of a "single" contribution to overweight and obesity may not be the most useful statistic for intervention programs. Since most weight-reduction programs stress the importance of increased physical activity along with reduced caloric intake, risk values associated with a constellation of factors may better indicate what can be accomplished through intervention than risk estimates for a specific factor alone. We observed that the ORs for a cluster of risk factors (low education, infrequent exercise, and low household income) associated with obesity (including overweight and the three obesity levels) increased with BMI level, but remained stable between obesity II and III levels. The trend was more significant in women than in men. This implies that the cluster of risk factors had an impact on participants in BMI groups from overweight to obesity II, but not on those with obesity III, where the genetic factor may be more important, especially in women. Once again, further study should be undertaken to investigate this trend more thoroughly to identify if it is due simply to small numbers and thus the inability to find a statistically significant association at particular obesity levels.
A cross-sectional study usually suffers from indecipherable causal relationships -the disease studied and/or its treatments may change exposure levels for certain risk factors in subpopulations with different characteristics. Cross-sectional analysis cannot adjust for these causal relationships, but it can give a current picture of the considerable level of comorbidity associated with the risk factors. Another constraint of the cross-sectional approach is the reduced value of risk measures as compared with a longitudinal study. For instance, in the case of diabetes mellitus, the estimated risk is approximately twofold higher in prospective cohort studies. Consequently, the PAR estimated in a cross-sectional study likely underrepresents the actual risk of developing the condition and should be used to help understand the level of comorbidity in populations. In addition, the effect of changing exposure levels for a study variable on the gradual increase of comorbidities cannot be assessed with a cross-sectional study design.
The main limitation of this study is that weight and height were self-reported [13] . Survey participants tend to overestimate their height and underestimate their actual BMI [29, 30] . Therefore, our prevalence estimates in this study are likely underestimated. Although self-reported data are highly correlated with measured data, using the former type may yield some misclassification. Based on survey data using actual body measurements collected from 35,000 people, 23% of adult Canadians (both sexes) and 8% of children aged 2-17 were obese in 2004 [31] . Those findings may indicate that obesity prevalence in this study is indeed underestimated, especially in women, as suggested by another study [32] .
The measure of physical activity used may dilute its true association with weight status. Physical activities performed at the office, at school, or in the home are not included in the calculations, which may lead to an underestimate of the actual amount of activity performed by some participants [33] . More comprehensive measurement of physical activity, use of objective measures, and measurement of sedentary behavior would have provided more complete assessment of the association between physical activity and excess weight.
In this study, we first analyzed the prevalence of overweight and different levels of obesity, and found that their correlates differ according to race, age, sex, urban/rural location, marital status, education level, physical activity, household income, and smoking status. The adjusted odds of having the major chronic diseases increased with increasing BMI levels. We also found that obesity levels were significantly associated with the combination of low education, infrequent exercise, and low household income, especially in women. Both obesity and obesity-related chronic diseases are preventable. Therefore, it is imperative that public health organizations continue to stress and develop more effective strategies aimed at changes in lifestyle and environmental factors; it is more urgent for people with low education, infrequent exercise, and low household income; and obesity control strategies should be obesity level specific. In addition, since clinically obese patients may become more common in Canada, practitioners have to prepare to treat them on a regular basis.
